Abstract: In this paper the performance of UPFC is investigated in controlling the
Introduction
Flexible AC transmission system (FACTs) is an evolving technology based solution to help electric utilities fully utilize their transmission assets. Its first concept was introduced by N. G Hingorani, in 1988 .Since then different kinds of FACTS devices have been proposed. Among them the Unified Power Flow controllers is the most versatile and effective device which was introduced in 1991[]. The UPFC consist of voltage source converters, one connected in series and other in shunt and both are connected back to back through a D.C capacitor .In order to investigate the impact of UPFC on power systems effectively, it is essential to formulate their correct and appropriate model. In the area of power flow analysis models of the UPFC have been published which treat the UPFC either as one series voltage source and one shunt current source model or both the series and the shunt are represented by voltage sources. Presented a decoupled model which is simple to implement but it presents some restrictions [2] . In [4] the UPFC is represented by two voltage sources called the voltage source model [3] discusses the distinguishing features of the voltage source model at length. [7] Introduced another model called the power injection models (PIM). Taking these two models as the base models, few other models have been developed with slight modifications in order to circumvent the limitations of the base models.
Due to ever increasing load demand and reduced rights of way, modern power transmission systems are forced to carry increasingly more power over long distances. Consequently, the transmission system becomes more stressed, which in turn, makes the system more vulnerable to voltage instability Voltage instability within the power system has serious consequences including voltage collapse and system blackout [1] . Voltage collapse is a process in which , the appearance of sequential events together with the voltage instability in a large area of system can lead to the case of unacceptable low voltage condition in the network , if no preventive measures are committed. Occurrence of a disturbance or load increasing can leads to excessive demand of reactive power. Therefore, system will show voltage instability. If additional resources provide sufficient reactive power support, the system will be established in a stable voltage level. However, sometimes there are not sufficient reactive power resources and the excessive demand of reactive power can leads to voltage collapse.
Application of FACTS devices is a very effective solution to prevent voltage instability and voltage collapse due to their fast and very flexible control. While FACTS devices is going to be located into transmission network, an important aspect is that the effectiveness of their damping is strongly influenced by their location [2] .For a large-scale power system, more than one FACTS device may have to be installed in order to achieve the desired performance. Budgetary constraints force the utilities to limit the number of FACTS devices to be placed in a given system. Therefore, proper placement of these devices in the grid is an important issue. Voltage collapses are mostly initiated by a single disturbance (e.g. the outage of a line or a generator unit).So, to locate FACTS devices, consideration of contingency conditions is more important than consideration of normal state of the system. The drawbacks of several methods proposed in literature for the location of FACTS devices is that they only consider the normal state of the system [3, 4, and 5] .
The proposed methodology (Genetic Algorithm) of optimal allocation of fixed UPFC for transmission network is implemented using MATLAB on the two test systems viz., IEEE 5-Bus and 14-Bus test systems. The cost constants and their typical values for this problem are energy cost ( =3.5 Rs/KWh). The payback period assumed is ten years with depreciation factor ( ) as 0.1.
Voltage Control of Power System
A power system is said to be well designed if it gives a good quality of reliable supply. By good quality is meant the voltage levels within the reasonable limits. Practically all the equipment on the power systems are designed to operate satisfactorily only when the voltage levels on the system correspond to their rated voltages or at the most the variations are within say 5%.If the voltage variation is more than a prescribed value, the performance of the equipments suffers and the life of most of the equipments suffers and the life of most of the equipment also is sacrificed. When power is supplied to a load through a transmission line keeping the sending end voltage constant, the receiving end or load voltage undergoes variations depending upon the magnitude of the load and the power factor of the load. The higher the load with smaller power factor the greater is the voltage variation. The voltage variation at a node is an indication of the unbalance between the reactive power generated and consumed by that node. If the reactive power generated is greater than consumed, the voltage goes up and vice versa. Whenever the voltage level of a particular bus undergoes variation this is due to the unbalance between the two versa at that bus
II. Mathematical Model Of UPFC
The Unified Power Flow Controller consists of two switching converter. These converters are operating from a common dc link provided by a dc storage capacitor as shown in Fig. 1 .
Fig. 1 Basic circuit arrangement of UPFC
Series Converter provides the main function of the UPFC by injecting an AC voltage with controllable magnitude and phase angle in series with the transmission line via a series transformer. The basic function of shunt converter is to supply or absorb the real power demand by series converter at the common dc link. It can also generate or absorb controllable reactive power and provide independent shunt reactive compensation for the line. Series converter supplies or absorbs locally the required reactive power and exchanges the active power as a result of the series injection voltage. The UPFC is new device in FACTS family which consists of series and shunt connected converter. The UPFC can provide the necessary functional flexibility for power flows control. This approach allows the combined application of phase angle with controlled series and shunt reactive compensation. The UPFC has the regulating the power flow and minimizing the losses at the same time.
A schematic representation of a UPFC is shown in Fig. 2 . The output voltage of the series converter is added to the AC terminal voltage 0 via the series connected coupling transformer. The injected voltage acts as an AC series voltage source, changing the effective sending-end voltage as seen from node . The product of the transmission line current and the series voltage source , determines the active and reactive power exchanged between the series converter and the AC system. The real power demanded by the series converter is supplied from the AC power system by the shunt converter via the common DC link. The shunt converter is able to generate or absorb controllable reactive power in both operating modes (i.e., rectifier and inverter). The independently controlled shunt reactive compensation can be used to maintain the shunt converter terminal AC voltage magnitude at a specified value. The UPFC equivalent circuit shown in Fig. 2 is used to device the steady-state model. 
UPFC Power And Jacobian Equations:
Based on the equivalent circuit shown in Fig. 2 . the active and reactive power equations are At : 
III. Voltage Stability Index
The voltage stability index or proximity is the device used to indicate the voltage stability condition formulated based on a line or a bus [8] . The proposed method builds on recent advanced in the areas of real-time voltage stability monitoring and control. The maximum threshold is set at unity as the maximum value beyond which this limit system bifurcation will be experienced.
Consider an -bus system having1, 2, 3, … , generator buses( ), and + 1, + 2, … , the load buses( = − − ). The transmission system can be represented by using a hybrid representation, by the following set of equations It can be seen that when a load bus approaches a steady state voltage collapse situation, the index approaches the numerical value 1.0. Hence for an overall system stability condition, the index evaluated at any of the buses must be less than unity. Thus the index value gives an indication of how far the system is from voltage collapse. The − indices for a given load condition are computed for all load buses. The equation for the −index for node can be written as,
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F ji m = ⃒F ji ⃒sin (θ ji + δ i − δ j ) (23) It can be seen that when a load bus approaches a steady state voltage collapse situation, the index approaches the numerical value 1.0. Hence for an overall system voltage stability condition, the index evaluated at any of the buses must be less than unity. Thus the index value gives an indication of how far the system is from voltage collapse.
IV. Evolutionary Optimization Technique (Ga)
Genetic Algorithm (GA) is one of the most famous meta-heuristic optimization algorithms which is based on natural evolution and population. Genetics which is usually used to reach to near global optimum solution. In each iteration of GA (referred as generation), a new set of string (i.e. chromosomes) with improved fitness is produced using genetic operators (i.e. selection, crossover and mutation) [13] , [14] .
Selection Operator: Key idea: give preference to better individuals, allowing them to pass on their genes to the next generation. The goodness of each individual depends on its fitness. Fitness may be determined by an objective function or by a subjective judgment Crossover Operator: Prime distinguished factor of GA from other optimization techniques. Two individuals are chosen from the population using the selection operator .A crossover site along the bit strings is randomly chosen. The values of the two strings are exchanged up to this point. If S1=000000 and s2=111111 and the crossover point is 2 then S1'=110000 and s2'=001111. The two new offspring created from this mating are put into the next generation of the population .By recombining portions of good individuals, this process is likely to create even better individuals Mutation Operator: With some low probability, a portion of the new individuals will have some of their bits flipped. Its purpose is to maintain diversity within the population and inhibit premature convergence. Mutation alone induces a random walk through the search space; Mutation and selection (without crossover) create a parallel, noise-tolerant, hill-climbing algorithm.. 
V. Simulation Results
The proposed methodology of optimal allocation of fixed UPFC for transmission network is implemented using MATLAB on the two test systems viz., IEEE 5-Bus and 14-Bus test systems. The cost constants and their typical values for this problem are energy cost ( =3.5 Rs/KWh). The payback period assumed is ten years with depreciation factor ( ) as 0.1.
IEEE 5-Bus test system
A small network is used illustrate the power flows solution given by Newton-Raphson method. As shown in Fig. 3 , five-bus network containing two generator and seven transmission lines. Fig. 3 . This is also the transmission line (i.e., line-1) that incurs higher active power loss 2.48 MW. The total power loss is 12.395 MVA. The operating conditions demand a large amount of reactive power generation by the generator connected at North Bus (i.e., 90.82 MVAR). This amount is well in excess of the reactive power drawn by the system loads (i.e., 40MVAR). The generator at South Bus draws the excess of reactive power in network (i.e., 61.59 MVAR). This amount includes the net reactive power produced by the several of the transmission lines. For the above discussed network, the existed method and proposed method are applied, presented as case (i) and case (ii). The numerical results and discussion are as follows.
Case (i): Existed Method (UPFC Located at Lake Bus)
The five-bus network is modified to include one UPFC to compensate the transmission line link bus Lake and bus Main as given. The UPFC is used to maintain active and reactive powers leaving the UPFC, towards Main at 40 MW and 2 MVAR, respectively. Moreover the UPFC shunt converter is set to regulate the nodal voltage magnitude at Lake at 1 p. u. As expected, the power flows in the UPFC upgraded network differ with respect to the original case. The most noticeable changes are as follows: there is a 32% increase of active power flowing towards Lake through transmission lines North-Lake and South-Lake. The increase is in response to the large amount of active power demanded by the UPFC series converter. The maximum amount of active power exchange between the UPFC and the AC system will depend on the robustness of the UPFC shunt bus, Lake. Since the UPFC generates its own reactive power, the generators at decrease its reactive power generation by 5.6%, and the generator connected at South increase its absorption of reactive power by 22.6%. Fig. 4 The five-bus test network with one UPFC at Lake Bus, and the power flow results
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Case (ii): Proposed Method (UPFC Located at Bus Elm)
Voltage stability indices are calculated for the IEEE 5-Bus system without any FACTS devices Table 1 Voltage Stability Index before UPFC device By considering the above Table 1 , it is observed that bus Elm is more sensitive towards system security. Therefore bus Elm is more suitable location for UPFC to improve power system security/stability. An additional node is termed as node Elmfa, is used to connect the UPFC. The modified original network is including a UPFC between nodes Elm and Elmfa as shown in Fig. 4 . After placing UPFC voltage stability index of the system is presented in Table 2 . The UPFC is used to maintain active and reactive powers leaving the UPFC, towards Main at 65.6 MW and 5.17 MVARs, respectively. Moreover, the UPFC's shunt converter is set to regulate Elm's nodal voltage magnitude at 1 p. u. The initial conditions of the UPFC voltage sources are computed by using equation given in Section 2. Table 3 , it is observed that voltage profile is improved and power losses in the network are reduced. Hence from the above Table 5 .3 we concluded that from the voltage stability indices, the best location for UPFC can be determined.
The Genetic Algorithm control parameters selected are maximum generation (100), population size (10), Cross over probability (0.8) and Mutation Probability (0.004). The summary of results comparing conventional Newton-Raphson method with UPFC, GA is tabulated in Table 4 . Fig. 6 Fitness function maximization by using GA for IEEE-5 bus test system, UPFC located at Elm Bus.
Example-2: IEEE 14-Bus test system
The problem of placement of the UPFC has also been solved of the IEEE 14-Bus test system. By considering the Voltage stability index ( ) value, it is observed that 14-Bus is more sensitive towards system security. Therefore 14-bus is more suitable location for UPFC to improve power system security/stability. Simulation results for Voltage magnitudes and phase angles without UPFC and with UPFC are shown in Table  5 , respectively. Table 6 Conventional Newton-Raphson method without and with UPFC Power flows for IEEE 14-Bus test system
The IEEE 14-Bus test network is modified to include one UPFC to compensate the transmission line link Bus-14 and Bus-15. The UPFC is used to maintain active and reactive powers leaving the UPFC, towards 9-Bus at 9. Table 6 .
The Genetic Algorithm control parameters selected are maximum generation (100), population size (10), Cross over probability (0.8) and Mutation Probability (0.004). Simulation results for voltage magnitudes, phase angles; active and reactive power losses with UPFC in the system for Genetic Algorithm (GA) are shown in Table 7 , respectively. Simulation results for voltage magnitudes, phase angles, active and reactive power losses with UPFC in the system for Genetic Algorithm (GA) are shown in Table 7 , respectively. The summary of results comparing with the existing method, GA is tabulated in Table 8 . Tables 4, 7 shows that GA is faster than Conventional Method from the perspective of time and this is due to the purpose that GA has selection, crossover and mutation operations. The simulation studies were carried out on Pentium IV, 1.60 GHz, 1GB RAM in MATLAB 7.1 environment.
VI. Conclusion
In this paper, the significant results obtained during the course of the work are presented and a few suggestions for future research are presented. The power flow analysis with the inclusion of UPFC has been analyzed. Newton-Raphson method used in polar co-ordinate form is effectively applied to solve the power flow equation of IEEE 5-Bus and IEEE 14-Bus systems which differ from each other in size and degree of operational complexity. The UPFC model is incorporated into an existing Newton-Raphson load flow algorithm, which is capable of solving large power networks very reliably. It shows that UPFC can be set to control active and reactive powers and voltage magnitude simultaneously. The voltage stability index is used to find location of the UPFC in the network.
The proposed algorithms were implemented to find out the proper setting and installation cost of the UPFC in IEEE-5 Bus and IEEE-14 Bus test system. By comparing the results, it is observed that GA is more effective than Conventional Method in terms of fitness function. Moreover, the time required for execution is less for GA than Conventional Method.
